Micacocidin (3), a Zn-free derivative of micacocidin A (1), was prepared to evaluate its antimicrobial activity in comparison with 1 and to obtain a starting material for chemical modification of 1. The structure of 3, quite unlike those of any previously knownantimicrobial agents, was elucidated by 1-D and 2-D homonuclear and heteronuclear NMRand mass spectroscopy.
Micacocidin (3), a Zn-free derivative of micacocidin A (1), was prepared to evaluate its antimicrobial activity in comparison with 1 and to obtain a starting material for chemical modification of 1. The structure of 3, quite unlike those of any previously knownantimicrobial agents, was elucidated by 1-D and 2-D homonuclear and heteronuclear NMRand mass spectroscopy.
Micacocidin (3) thus prepared exhibited weak or no antibacterial activity except against Mycoplasma species, i.e. 3 showed stronger activity than 1. It is noteworthy that 3 displayed high activity against fungi such as Candida, Aspergillus and Trichophyton species.
During the course of a screening program to search for new antibiotics from bacteria, we discovered micacocidin A (1) 
Materials and Methods

Spectroscopic Measurements
UV spectra were recorded with a Hitachi U-3200 spectrophotometer, IR spectra with a JASCOFT/IR-700 spectrometer, and optical rotations with a Perkin-Elmer 24 1 polarimeter. Liquid secondary ion mass spectra (LSI-MS) were obtained using a Hitachi M-90 mass spectrometer (BEE geometry) equipped with a cesium ion gun. Samples were dispersed in 3-nitrobenzyl alcohol and introduced into the mass spectrometer on an LSI-MS target. with acetic anhydride in pyridine at room temperature gave a crude diacetate, which was purified by column or thin layer chromatography to remove the liberated zinc ion. In the LSI-mass spectrum of the zinc-free diacetate (2), the protonated molecular ion ([M+H]+) observed at m/z 650 confirmed the presence of two acetyl groups. The fragment ion peaks at m/z 359 and 391 were consistent with the one acetyl group substituted on the aliphatic hydroxyl group attached to the methine carbon and the other on the phenolic hydroxyl group. Then, deacetylation of 2 was carried out with dilute aqueous sodium hydroxide in methyl alcohol at roomtemperature to obtain the desired product (3). Structure 3 was substantiated primarily by means of spectroscopy and chemical conversion to the parent substance 1.
The UV spectrum of 3 exhibited absorption maxima at 202 (e=26,900), 213 (18,600), and 250 (8,800) nm. The IR spectrum showed absorption peaks at 3396, 2928, 1583, 1454 and 1397 cm"1. IR studies of3 in chloroform solution indicated the existence of some strong hydrogen bonds, which suggested that 3 had a quasi-cyclic structure10). In LSI-MS, the protonated molecular ion peak and fragment ion peaks were observed at m/z 566, 317 and 349 (Fig. 2) . The ion peak at m/z 379 was assigned to an oxonium ion, presumably formed through bond cleavage between the methinyl carbon and the gem-dimethyl carbon. A summary of the fragmentation is shown in Fig. 3 . ID and 2D NMRspectra were recorded at 20°C. The complete assignment of the lU and 13C NMRspectra is shown in Table 1 together with that of 1 for comparison.
For the purpose of illustration, the 600MHz NMR spectra of 1 and 3 are shown in Fig. 4 ; the NMRspectral characteristics of 3 were similar to but could be clearly distinguished from those of 1. In the 13C NMRspectrum the signals assignable to C-2, C-3 and C-25 of 3 were shifted considerably compared with those of 1, while signals due to other carbons in 3 had a lesser shift.
The structure of 3 appears to be constructed biosynthetically from one molecule of an alkylated salicylic acid analogue of polyketide-origin, an isobutyric acid unit, Fig. 3 . Mass spectral fragmentation ofmicacocidin (3) (upper) and micacocidin diacetate (2) (lower).
Fig. 4. *H NMRspectra ofmicacocidin A (1) and micacocidin (3).
and three molecules of cysteine. The structure of micacocidin (3) elucidated here is similar to that of yersiniabactin (5)n), an iron-siderophore produced by the Gram-negative bacterium Yersinia enterocolitica.
Micacocidin (3) can readily be converted to the original chelated form, micacocidin A (1), by addition of zinc ions; i.e. treatment of 3 in methyl alcohol with a large excess of 0.1 Maq. ZnCl2 or aq. ZnSO4at room temperature, followed Biological Properties Table 2 shows the MICvalues of micacocidin (3) The MIC values were determined by using the agar dilution method authorized by the Japan Society of Chemotherapy,6) and for mycoplasma, the liquid dilution method was used. Amongthe bacteria tested, Serpulina hyodysenteriae and Clostridium perfringens were anaerobically cultured using the gas-pack method. 3
showed weakor no antibacterial activity, except for the Mycoplasma species, for which 3 exhibited slightly better activity than 1. A preliminary in vivo evaluation of 3 after oral administration was performed in comparison with chlorotetracycline against an experimental infection of chickens caused by Mycoplasma gallisepticum. Both 1 and 3 were superior to chlorotetracycline, which will be reported and discussed elsewhere. Antifungal activity was determined by the micro-broth dilution method using 96-well micro plate with RPMI, YNBand SDBmedium at 35°C. Mode of Action The growth-inhibitory activity of both 1 and 3 against the Mycoplasma species was not antagonized in the presence of Zn2+, Cu2+ and Fe3+ ions. Therefore, although the precise mechanism is not yet clear, these findings suggest that the mode of action of 1 and 3 for the Mycoplasmaspecies is not related to its metal ion chelation activity. Conversely, the antifungal activity of 3 was antagonized in the medium containing the above metal ions, which suggests a different mode of action for the antimycoplasma activity. These results strongly suggest that the mode of action of 3 against fungi is related to its ability to chelate metal ions. Detailed studies of the mechanismof action are currently underway in our laboratory. Preparation of Micacocidin (3) Method A: Acetylation To a solution of micacocidin A (1, 199mg) in pyridine (4 ml) was added acetic anhydride (2.5 ml), and the mixture was stirred at room temperature for 16 hours. The reaction mixture was then concentrated in vacuo, and the oily residue was purified by PTLC (Kieselgel 60 F254 Art, 5744, Merck, CHG3: Me0H=9: 1) To a solution of 1 (2mg) in CH2C12 (2ml) was added 1 N aq. HC1 or 5% aq. KHSO4 (4ml) with stirring for 5 minutes, and the whole mixture was extracted with CH2C12. The organic phase was washed with H2Oand evaporated in vacuo to afford oily 3 (1.8 mg) in almost quantitative yield. This was subjected to preparative HPLCas described above to prepare the analytical specimen. The product was identified as 3 based on completely superimposable NMR and HPLC curves.
